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[57] ABSTRACT 

A vortical flow afterburner device for causing after- 
burning of engine exhaust gases by mixing air with 
same, in which the exhaust gas flow is supplied sub- 
stantially tangentially into a precombustion chamber 
disposed on the upstream side of a reaction chamber 
for producing a vortical flow of the exhaust gases, this 
vortical flow being then supplied into the central por- 
tion of the reaction chamber, and air is supplied sub- 
stantially tangentially into the reaction chamber to in- 
sure combustion of the exhaust gases. 

5 Claims, 7 Drawing Figures 
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A vortical flow afterburner device according to the 

VORTICAL FLOW AFTERBURNER DEVICE present invention is featured by disposing a precombus- 

tion chamber on the upstream side of a reaction chanv 

This is a continuation of application Ser. No. ber, supplying exhaust gas flow into this precombustion 

390,706, filed Aug. 3, 1 973 1 now abandoned. 5 chamber so that such flow whirls in the circumferential 

This invention relates to afterburner devices for direction of the precombustion chamber, igniting the 

burning unburned combustible components included in exhaust gases by an igniter disposed within the precom- 

automobile exhaust gases thereby obviating pollution bustion chamber, supplying the burning gas flow into 

of air by such components, and more particularly to a the reaction chamber, and directing afterburning air 

vortical flow afterburner device in which streams of 10 into the reaction chamber from an outer peripheral 

exhaust gases and afterburning air are supplied into a portion of the reaction chamber in a direction substan- 

reaction chamber in the circumferential direction. tially tangent to the reaction chamber. 

There are various demands for an afterburner device Other objects, features and advantages of the present 

of this kind. These demands include prevention of dam- invention will be apparent from the following detailed 

age to the wall surface of ths reaction chamber of the 15 description of a preferred embodiment thereof taken in 

afterburner device due to high temperature gases pro- conjunction with the accompanying drawing, in which: 

ducedby the afterburning of exhaust gases, prevention F1G - 1 "* a schematic sectional view of parts of a 

of damage to the exhaust gas igniter due to the after- vortical flow afterburner device embodying the present 

burning of exhaust gases, efficient afterburning of ex- _ ft inve ntion; 

haust gases within the reaction chamber, and reduction 20 F!G 2 is a section taken on the line 11 in FIG 

in the size of the afterburner device. FIG - 3 is a sectK >n taken on the line III— III in FIG. 1; 

A vortical flow afterburner system proposed hitherto FIG 4 is a section taken on the ,ine 1V - IV in FIG l * 

satisfies the above demands to a certain degree and FlG - 5 shown schematically the flame distribution in 

comprises supplying engine exhaust gases into a reac- 25 the vortical flow afterburner device of the present in- 

tion chamber in the circumferential direction to pro- ve " t !? n i. t , . „ , „ 

duce a whirling stream o&exhaust gases in the reaction FlG " 6 shows schematically the flame distribution in 

chamber, supplying afterburning air into the reaction a £"° r art vortical flow afterburner device; and 

chamber in the axial direction, and igniting the mixture . . 7 \ 8 a f*? 8howin * the . relat J°" between the 

of these gases by an igniter disposed in the reaction , 0 fixing ratio of exhaust gases to air and the burning gas 

chamber. This afterburner system is effective in pre- 3 ° tem P erature * ■» afterburner device 

venting damage to the wall surface of the reaction . Refernn * » ™S' * 10 4 ' a v ° rtlcaI " ow aft fburner 

~u™ul i *L *u j u r device according to the present invention includes an 

chamber and to the igniter due to combustion of gases u * ■ ■ 7 « * • ■ u * « 

n ^ ^ • *u «r • c u *• » « exhaust gas inlet 1 for receiving an exhaust gas flow 

and reduction in the efficiency of combustion. Accord- , e u . . ... , 6 . % 

. . . , 3 . . . including unburned combustible components from an 

ing to this afterburner system a lean exhaust gas-air 35 engine exhaust rt (not shown) . \ first reaction 

mixture is produced in the central portion of the reac- ch * mber 3 an(J a % econd reaction chambcr 4 are dis . 

tion chamber and the concentration of the exhaust posed in a cylindrical outer casing 2 of the vortical flow 

gas-air mixture is increased toward the inner wall sur- ^ fterburner dcvicc . Thc second rection chainber 4 

face of the reaction chamber such that an incombusti- communicates with the first reaction chamber 3 

ble excessively concentrated exhaust gas-air mixture 4 0 through an orifice plate 5. A plurality of axially extend- 

occupies the zone in the vicinity of the wall surface of • , ate fms 6 are disposed in an annu i ar space 7 de- 

the reaction chamber thereby protecting the wall of the fmed between ^ outer casing 2 md ^ first and sec . 

reaction chamber, igniter and other elements against ond reac tion chambers 3 and 4. A plurality of annular 

high temperature gases. Further, due to the fact that fins 8 extend concentrically in an axial direction from 

the exhaust gas flow makes whirling movement within 45 the closed end of the second reaction chamber 4 as 

the reaction chamber, combustion of the exhaust gases shown in FlGS . i and 4 so that they can pre heat the 

continues over a long period of time and combustion exhaust gases supplied from the exhaust gas inlet 1. A 

efficiency can be improved thereby. secondary air inlet 9 is provided for supplying after- 

However, a combustible concentrated exhaust gas- burning air into the vortical flow afterburner device, 

air mixture may be produced in the vicinity of the wall 50 This secondary air inlet 9 communicates with the dis- 

surface of the reaction chamber and may be burned to cnar ge port of an air pump which may be driven by the 

impart damage to the wall surface of the reaction engine. A first air nozzle 10 opens into the first reaction 

chamber and to the igniter when the concentration chamber 3 at a position adjacent to an opening of a 

distribution of the exhaust gas-air mixture in the reac- precombustion chamber 12 described later so that the 

tion chamber deviates from the desired distribution in 55 a fterburning air directed from the first air nozzle 10 

such a manner as to produce a combustible exhaust can make whirling movement in the circumferential 

gas-air mixture adjacent to the wall surface of the reac- direction of the first reaction chamber 3. A second air 

tion chamber. Further, the reaction chamber must be nozzle 11 opens into the second reaction chamber 4 so 

very large in size in order that the velocity of air sup- that the afterburning air directed from the second air 

plied in the axial direction of the afterburner device is 60 nozzle 11 can make whirling movement in the circum- 

less than 2 m/sec. ferential direction of the second reaction chamber 4. 

It is therefore a primary object of the present inven- This second air nozzle 11 opens into the second reac- 
tion to provide a small-sized vortical flow afterburner tion chamber 4 at a position immediately behind or 
device in which undersirable damage to the wall sur- downstream of the orifice plate 5. The first and second 
face of the reaction chamber and to the igniter due to 65 a j r nozzles 10 and 11 communicate with the secondary 
combustion of gases can be avoided and efficient after- air inlet 9. A precombustion chamber 12 is disposed on 
burning of exhaust gases can take place throughout the the upstream side of the first reaction chamber 3 and its 
reaction chamber. opening communicates with the first reaction chamber 
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3 A pair of exhaust gas nozzles 13 open into the pre- combustion chamber 12. However, this length L may 
combustion chamber 12 so that the exhaust gas flow be shorter than that above described when the ratio 
passed through the annular space 7 between the outer D,A between the diameter D t of the precombustion 
casing 2 and the first and second reaction chambers 3 chamber 12 and the diameter D 2 of the first reaction 
and 4 can be directed into the precombustion chamber 5 chamber 3 is relatively small. 

12 in the form of a stream whirling in the circumferen- The distance / between the end opening of the pre- 
tial direction of the precombustion chamber 12. These combustion chamber 12 and the end of the first reac- 
exhaust gas nozzles 13 are disposed opposite to each tion chamber 3 remote from the second reaction cham- 
other as shown in FIG. 2 so as to assist in producing a ber 4 lies within a wide range, but it is desirable that the 
vortical flow of the exhaust gases. A space 14 is pro- 10 ratio f/L between this distance / and the length L of the 
vided between the outer casing 2 and the precombus- precombustion chamber 12 is of the order of 0. 1 to 0.2. 
tion chamber 12 for turning the axial flow of the ex- This is desirable in order that the air directed from the 
haust gases passed through the annular space 7 into a first air nozzle 10 may be allowed to freely flow to a 
radial flow so that the exhaust gases can easily flow into certain extent within the first reaction chamber 3 and 
the exhaust gas nozzles 13. An igniting air nozzle 15 ,5 may not interfere with the vortical, flow of the exhaust 
communicates with the secondary air inlet 9 and opens gas-air mixture flowing from the precombustion cham- 
into the precombustion chamber 12 at a position adja- ber 12 into the first reaction chamber 3. 
cent to an igniter 16 extending into the precombustion The opening of the precombustion chamber 12 may 
chamber 12. An exhaust gas outlet 17 is provided adja- not necessarily be disposed within the first reaction 
cent to the closed end of the second reaction chamber 20 chamber 3. The flow rates of air directed from the first 

4 and communicates with the atmosphere through suit- air nozzle 10, second air nozzle 11 and igniting air 
able means such as a muffler (not shown). nozzle 15 are determined by orifices 18, 19 and 20 

In operation, the flow of exhaust gases emitted from disposed in the conduits leading to the nozzles 10, 11 
the engine under operation is supplied into the vortical and 15 respectively. It is desirable that the flow rates of 
flow afterburner device through the exhaust gas inlet 1. 25 air through the second air nozzle 11 and igniting air 
The exhaust gas flow passes through the annular pas- nozzle 15 are of the order of % to % of the flow rate of 
sage 7 defined between the outer casing 2 and the first air through the first air nozzle 10. 
and second reaction chambers 3. and 4 to be directed The exhaust gas-air mixture flowing into the central 
from the exhaust gas nozzles 13 into the precombustion portion of the first reaction chamber 3 is mixed with 
chamber 12 in the form of a stream whirling in the 30 afterburning air which is directed from the first air 
circumferential direction of the precombustion cham- nozzle 10 into the first reaction chamber 3 adjacent to 
ber 12. Thus a vortical flow of the exhaust gases is the opening of the precombustion chamber 12 is such a 
produced and makes whirling movement within the manner as to make whirling movement in the circum- 
precombustion chamber 12. ferential direction of the first reaction chamber 3. 

Air supplied from the secondary air inlet 9 connected 35 since the afterburning air produces a vortex along the 
to the air pump is forced through the igniting air nozzle inner peripheral wall of the first reaction chamber 3, a 
15 into the precombustion chamber 12 and is mixed layer of a combustible exhaust gas-air mixture is 
with the exhaust gases to produce a combustible ex- formed in the vicinity of the central portion of the first 
haust gas-air mixture within the precombustion cham- reaction chamber 3, while a layer of afterburning air is 
ber 12. The igniting air is forced from the igniting air 40 formed along the wall surface of the first reaction 
nozzle 15 into the precombustion chamber 12 in such a chamber 3, and thus so-called laminar combustion 
direction that a positively whirling flow is produced in occurs in the first reaction chamber 3. The temperature 
the precombustion chamber 12. The combustible ex- of the burning mixture within the first reaction cham- 
haust gas-air mixture produced within the precombus- ber 3 is of the order of 900° C to 1,100* C in the vicinity 
tion chamber 12 is then ignited by the igniter 16. The of the central portion and is of the order of 700 C to 
temperature of the burning mixture is of the order of 750° C in the vicinity of the wall surface. Thus, damage 
600° C to 700° C in the vicinity of the center of the to the wall surface due to exposure to extremely high 
precombustion chamber 12 and is of the order of 500° temperature gases can be avoided. 
C in the vicinity of the igniter 16. The igniter 16 is The burning mixture is then supplied in a spiral flow 
substantially free from any damage with such a temper- 50 pattern from the first reaction chamber 3 into the sec- 
ature ond reaction chamber 4 through the orifice plate 5. 

The mixture of exhaust gases and air in the precom- Afterburning air supplied from the air pump is forced 
bustion chamber 12 makes whirling movement within through the second air nozzle 11 into the second reac- 
the precombustion chamber 1 2, and while maintaining tion chamber 4 in the form of a circumferentially whirl- 
such a state, the mixture is supplied into the central 55 ing stream so that laminar combustion of the burning 
portion of the first reaction chamber 3. The diameter of mixture occurs in the second reaction chamber 4 again, 
the vortical flow of the mixturee in this case is substan- The temperature of the burning mixture within the 
tially equal to the diameter D, of the precombustion second reaction chamber 4 is lower by about 100 C to 
chamber 1 2 200 ° c than that in the first reaction chamber 3 m both 

According to experimental results, the ratio D W D 2 60 the central portion and the wall surface portion, 
between the diameter D, of the precombustion cham- Due to the combustion of the exhaust gases in the 
ber 12 and the diameter D 2 of the first reaction cham- first and second reaction chambers 3 and 4, the amount 
ber 3 is preferably of the order of 0.3 to 0.95 although of the unburned combustible components contained in 
it varies depending on the selection of the first reaction the exhaust gas-air mixture is remarkably reduced, and 
chamber 3. Further, the axial length L of the precom- 65 the exhaust gas flow processed in the manner above 
bustion chamber 12 is desirably such that the exhaust described is discharged to the atmosphere through the 
gas flow directed from the exhaust gas nozzles 13 can exhaust gas outlet 17 and muffler. The exhaust gas flow 
make one complete whirling movement within the pre- is substantially continuously supplied to the exhaust gas 
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inlet 1 and passes through the fins 8 and 6 which are 1. A vortical flow afterburner device disposed mid- 
heated by the heat of the exhaust gases previously pro- way of an engine exhaust conduit for receiving engine . 
cessed so that the exhaust gas flow can be preheated to exhaust gases and mixing the exhaust gases with air 
a temperature high enough to promote the reaction thereby causing afterburning of the exhaust gases, com- 
within the reaction chambers. 5 prising a hollow cylindrical reaction chamber, a cylin- 

While a vortical flow afterburner device having a first drically shaped precombustion chamber disposed on 
and a second reaction chamber has been described by thc upstream side of said reaction chamber and corn- 
way of example, the present invention is applicable to a municating with said reaction chamber through an 
vortical flow afterburner device having a single reac- opening, said precombustion chamber having a diame- 
tion chamber 10 ter smaller than that of said cylindrical reaction cham- 

FIG. 5 shows the flame distribution of the burning be J; an cxhaust t " ozz,e f ° r f. irect ^ the engine 
exhaust gas-air mixture in the vortical flow afterburner exhaust gases into said precomb^ 
. ■ ? . • ♦ a j 1 « »i_ a direction that the exhaust gas stream makes whirling 
device of the present mvention. According to the pre- movemem in the circum f e rential direc tion of said pre- 
sent invention, a combustible concentrated exhaust l5 combustion chamberi igniting means for igniting the 
gas-air mixture occupies the zone in the vicinity of the exnaust gas stream said precombustion cham - 
central portion of the reaction chambers and the con- be ^ ignitmg air nozz i e means disposed in the precom- 
centration of the mixture is reduced toward the wall buslion cna mber perpendicular to an imaginary radius 
surface until a lean exhaust gas-air mixture occupies 0 f said precombustion chamber and spaced inwardly of 
the zone in the vicinity of the wall surface. Thus, the 20 a wa u defining said precombustion chamber for supply- 
wall surface is substantially free from damage due to j ng a sma n positively whirling stream of air tangentially 
exposure to extremely high temperature gases. into the precombustion chamber in the vicinity of the 

In the flame distribution in a prior art device as igniting means to be mixed with the exhaust gas stream, 
shown in FIG. 6, a lean exhaust gas-air mixture occu- and an air nozzle disposed radially outward relative to 
pies the zone in the vicinity of the central portion of a 25 said precombustion chamber to open into said reaction 
first reaction chamber 3 and the concentration of the chamber adjacent to said opening of said precombus- 
mixture is increased toward the wall surface until an tion chamber, from which the exhaust gas stream sub- 
excessively concentrated exhaust gas-air mixture which jected to precombustion flows into said reaction cham- 
cannot be burned occupies the zone in the vicinity of ber, for directing combustion supporting air into said 
the wall surface so as to protect the wall surface against 30 reaction chamber in such a direction that the combus- 
exposure to high temperature gases. However, as will tion supporting air stream makes whirling movement in 
. be apparent from FIG. 7 showing the relation between the circumferential direction of said reaction chamber, 
the mixing ratio of exhaust gases to secondary air and 2 - A vortical flow afterburner device as claimed in 
the burning gas temperature, the temperature of the claim 1, wherein said reaction chamber is divided into 
mixture is very high in the range in which the propor- 35 * first and a second reaction chamber communicating 
tion of the exhaust gases is large. Therefore, a combus- Wlth eac , h f he * throu S h an ™ fice P late > and a second 
tible concentrated exhaust gas-air mixture may be air no f e for d, « c n m * «™bustion supporting air sub- 
- • • .» . . r *u ii ^ f stantially tangentially into said second reaction cham- 
formed in the vicinity of the wall surface of the first . .J 6 . . * . „ . „ . . . rtw 
. . _ J . . .. - _ . ber is disposed substantially immediately downstream 
reaction chamber 3 and this wall surface may be ex- ^ 

posed to high temperature gases when the concentra- 3 A flQW afterbumer device as claimed in 
tion distribution of the exhaust gas-air mixture in the claim x whefein ^ ratio of ^ diameter of ^ pre . 
vortical flow produced within the chamber 3 deviates combustion chamber to that of said reaction chamber 
toward a lower concentration. In contrast, a lean ex- Ues within the range of 0 3 to 0 95 
haust gas-air mixture occupies the zone in the vicinity 4 A vortica i flow afterburner device as claimed in 
of the wall surface of the reaction chambers in the claim 1, wherein the axial length of said precombustion 
present invention, and the wall surface is substantially chamber is large enough to allow one complete whirl- 
free from damage due to exposure to high temperature ing moV ement of exhaust gases within said precombus- 
gases. tion chamber. 

In the embodiment above described, igniting air is 5Q 5, a vortical flow afterburner device as claimed in 

directed from the igniting air nozzle into the precom- claim 1, wherein the ratio of the distance between the 

bustion chamber in a direction in which the air makes opening of said precombustion chamber communicat- 

positive whirling movement in the chamnber. However, ing with said reaction chamber and the upstream side 

the orifice disposed on the upstream side of the igniting end of said reaction chamber to the axial length of said 
air nozzle may be suitably selected and igniting air may 55 precombustion chamber lies within the range of 0.1 to 

be directed into the chamber in an axial direction. 0.2. 

What is claimed is: ***** 



60 



65 



"01/29/2004, EAST Version: 1.4.1" 



